According to a numberof workers,1~3) a-tocopherol in rat tissue is mostly located in the membranousstructure of the cell, and is particularly concentrated in the mitochondria and microsomes. Thus, a-tocopherol has been accepted as a membrane-soluble antioxidant.4) It has been suggested that an adequate quantitative relationship may be maintained biochemically and physiologically between a-tocopherol and polyunsaturated fatty acids (PUFA) in the subcellular membranes.5'6* On the other hand, it has been reported that membranous tissue Iipids7'8) are more susceptible to oxidative rancidity in cooked meat, particularly the PUFA in phospholipids.9) Our previous experience working with chicken and porcine skeletal muscles showed that the a-tocopherol content was higher in red muscle mitochondria than in white muscle mitochondria.10) It has also been shown that the relationship between a-tocopherol and PUFAwas closely associated with the development of oxidative rancidity in cooked meat.11'12) The aim of the present study was to determine the quantitative relationship between a-tocopherol and PUFA or PUFA>18:2 (PUFA with three or more double bonds) in muscle mitochondria, using the red and white muscles, of both fowl and swine. The white and red muscles used were the M. pectoralis profundus (breast) and the thigh muscle (including leg muscle) from the chicken, and M. longissimus thoracis and M. biceps femoris for swine, respectively. These muscles were obtained from a local packing plant. No attempt was made to select animals on the basis of breed or antemortemenvironmental conditions. The chicken muscles were removed from the carcasses a few hours postmortem and the porcine muscles were excised approximately 24 hr after slaughter. The external fat and connective tissues were trimmed as much as possible. Each muscle was then ground in a meat grinder. Mitochondria were prepared according to the method of Martonosi and Feretos13) using a 0.1 m KC1-5 niM Histidine solution (pH 7.50) and a fraction sedimented between 700 and 8000 x g. This fraction was used as the mitochondrial preparation in all studies. The a-tocopherol content of the mitochondria was determined by a combination of thin-layer chromatography and the colorimetric method, using bathophenanthroline according to our previous procedure.n) The mitochondrial suspension in chloroform-methanol (2 : 1, v/v) was kept for 30min in a water bath at 40°C while purging with CO2gas and the mitochondrial lipids were then extracted by the method of Folch et ai14r) Fatty acid methyl esters were prepared by transmethylation using 5 % methanolic HC1 for 5hr at 80°C in closed vessels. The resulting fatty acid methyl esters were dissolved in nhexane, while «-octadecane was used as the internal standard.ll) Gas-liquid chromatographic analyses of the fatty acid methyl esters were performed using a Shimadzu Model 6-APF gas chromatograph equipped with a flame ionization detector. Individual fatty acid peaks were identified and quantified according to our previous procedure.1X) Mitochondrial nitrogen (N) was determined by a microkjeldahl method and mitochondrial protein is expressed as N x 6.25. Table I shows the lipid content, the main fatty acid and the a-tocopherol content for both chicken and porcine skeletal muscle mitochondria. A significant difference was observed in the lipid content between chicken red and white muscle mitochondria but not between porcine red and white muscle mitochondria. The lipid content of chicken pectoralis profundus muscle mitochondria (346 mg/g mitochondrial protein) was in fairly close agreement with that for rat muscle mitochondria (370mg/g mitochondria protein) as reported by Fiehn et al.15) On the other hand, the lipid contents of mitochondria for chicken thigh muscleand the two porcine muscle were consistent with values for rat liver mitochondria (535 mg/g mitochondrial protein) as reported by Tappel et al.i6)
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There were significant differences in the fatty acid content between chicken red and white muscle mitochondria, with the exception of 20:3, 20:4, 22:5 and 22:6 acids, but not in the fatty acids of mitochondrial preparations from porcine red and white muscles. A significant difference (/?<0.05) was also observed in the PUFA content between chicken red and white muscle mitochondria. The fatty acid composition of the mitochondria lipids was characterized by higher percentages of 22 : 6 acid and PUFA>18:2for chicken muscle and by a higher percentage of 18 : 2 acid for porcine muscle. The percentage of PUFA, however, was similar for both chicken and porcine muscle mitochondria. The level of PUFAobtained in the present study (35 to 38%) was found to be lower than that reported by Fiehn et al.,1S) who showed that rat muscle mitochondrial lipids were composed of 83% phospholipids, which contained 63% of PUFA. It has been gen- Tr: Trace (less than 0.5% of total fatty acids).
erally accepted that the composition of mitochondrial fatty acids varies from organ to organ and species to species and that large changes mayoccur due to variation in the composition of the dietary fat.17)
The levels of mitochondrial a-tocopherol per gram of protein tended to be lower than the values reported in our earlier work.10) However, the mitochondrial a-tocopherol content was higher in red muscles such as chicken thigh muscle and porcine bicepsfemoris muscle, which both have relatively high levels of myoglobin and phospholipi^s in comparison to white muscle (chicken pectoralis profundus muscle and porcine longissimus thoracis muscle).18) These results are consistent with our previous work,10) which showed mitochondrial a-tocopherol levels to be significantly higher in thigh muscle (0.175) than in pectoralis profundus muscle (0.1 13) for fowl and in biceps'femoris muscle (0.148) than in longissimus thoracis muscle (0.080 jumol/g mitochondrial protein) for swine. A large variation in a-tocopherol levels was observed in chicken thigh muscle mitochondria, but no significant difference was found in the a-tocopherol content of chicken red and white muscle mitochondria. Oliveira et al. 2) found that the a-tocopherol content of bovine heart mitochondria fell within a range of 0.05 to 0.44/miol/g of mitochondrial protein, which they explained as being due to the influence of diet. The levels of a-tocopherol found in all muscles during the present study fell within the range previously reported for bovine heart mitochondria.
2) The a-tocopherol levels for chicken thigh muscle and porcine biceps femoris muscle were also consistent with the level in rat liver mitochondria (0.14/imol of a-tocopherol/g mitochondrial protein) which Gruger and Tappel5) calculated from data in the literature. Table II presents the relationships of a-tocopherol to PUFA or PUFA>18:2 in both chicken and porcine muscle mitochondria.
Mitochondrial a-tocopherol concentrations per gram ofPUFAor PUFA>18 : 2 for both chicken and porcine muscles tended to be higher in red muscles than in white muscles. A significant difference O <0.01) was found for the a-toeopherol concentrations between mitochondria from porcine red and white muscles. However, no significant difference was observed in the a-tocopherol concentrations between the corresponding porcine intact muscles as reported by previous studies.11 ' 19* This discrepancy of the porcine muscle mitochondria and whole muscles might be due to differ- On the other hand, our previous work showed that the development of oxidative rancidity in cooked pork tended to decrease with increasing levels of a-tocopherol per gram of PUFAor PUFA> 18 : 2,n) whereas, in cooked chicken the optimum concentration of a-tocopherol in controlling the development of oxidative rancidity seemed to be about 1.5/miol per gram of PUFA.12) Thus, the results obtained in the present study suggest that red muscle mitochondria may be more stable against lipid oxidation than white muscle mitochondria.
